Abstract. The annual output of soy sauce was reported to be more than 4.4 million tons in China, which would threaten the environment with its high salinity. The Bacillus in this study were isolated from soy sauce residue, which would contribute to its recycling. This study aims to investigate the external and internal characteristics of salt tolerant B. cereus stains (B-25 and B-26) to enhance the utilization of industrial soy sauce residue, with the methods of modified plate counting and whole genome analysis, respectively. Both B-25 and B-26 have the ability of salt-tolerance, and B-25 has a stronger salt-tolerant capacity. A total of 49 salt-tolerance related genes were identified by whole genome resequencing and bioinformatics analysis and were verified by PCR. Study on the external and internal characteristics of salt tolerant B. cereus strains will improve the understanding of salt-tolerant mechanism of B. cereus and further aid in the control of spoilage bacteria and the quantity and quality of the production in soy sauce residue industry.
Introduction
As a basic condiment, soy sauce with large amount of market demand has more than 2,000 years of history in China and also accounts for an important global position. The annual output of soy sauce is about 5 million tons, thus producing a large amount of soy sauce residue [1] . Soy source is generally produced by soybean, wheat, or flour. During the fermentation, components such as protein, starch, etc. are fully fermented, but other nutrients such as soil, fat, fiber, phospholipids still stay in soy sauce residue mostly [2] . Therefore, source residue has grea t developing value. But its exploitation is limited, mainly used as feed or fertilizer, or simply abandoned, which is a serious waste of resource [3] . Its high salt concentration may result in animal food poisoning as animal fodder directly, or cause land salinization as fertilizer for a long time, etc. Accordingly, the development of high value-added products is the key to improve the utilization of soy sauce residue. In recent years, the use of microorganisms in fermenting soy sauce residue directly is the new direction of development of soy sauce residue utilization.
Bacillus, widely distributed aerobic Gram-positive bacteria, is commonly found in soil, dust and sewage, and can grow well even in anaerobic conditions [4, 5] . Bacillus International Conference on Biomedical and Biological Engineering (BBE 2016) could survive in certain salinity with salt-tolerance capacity. Simultaneously, it belongs to opportunistic pathogens and often produces diarrhea toxins and vomiting toxins [5] [6] . As the high salt concentration of soy sauce residue, the existence of microorganisms becomes difficult, thus the research on its salt-tolerance mechanism is the key to develop the re-usage of soy sauce residue deeply, laying the foundation of further research on the application of the industrial sauce residue.
Methods and Materials

Bacterial Strains and Culture Condition
Two strains (B-25 and B-26) were isolated from the industrial soy sauce residue, cultured in modified NA medium, at 37°C. And the modified NA broth were prepared by adding 0%, 5%, 10%, 15%, 20%, 25%, and 30% NaCl, respectively.
Bioche mical Identification of the Strains
The strains cultured on NA medium were identified as Bacillus genera preliminarily. MID Bacillus biochemical identification strips (Guangdong Huankai Microbial Technology Company) were used for the further identification, and the detailed steps please refer to the introductions of MID-Bacillus MID-66.
Establishme nt of Bacillus Growth Curves
Growth curves were plotted to evaluated the growth characteristics of Bacillus B-25 and B-26, using the modified plate counting method. Bacillus were inoculated to the NA broth (10mL) and cultured overnight (37°C, 150r/min, 10~12h) for activation. A series of low, medium and high salinity gradient of 5%, 10%, 15%, 20%, 25%, 30% of the NA medium were set, and the steps above were repeated to plot the growth curves of B-25 and B-26 at low, medium and high salt concentrations.
Analysis and Confirmation of Potential Salt Tolerance Genes
The genomes of B. cereus strains B-25 and B-26 were sequenced by Solexa methodology of Illumina platform as described previously [8] . The genomic sequence obtained had been analyzed by alignment with reference genome of B. cereus ATCC14579, including pathway of GO, COG and KEGG. Functional genes associated with salt tolerance mechanism and regulation were further analyzed, including Na+/H+, K+ transporting, dipeptide or tripeptide transporting, responses to stress (such as oxidative stress), in combination with GO, KEGG and COG annotation results. A total of 49 bacterial genes had been selected and further verified by PCR (data not shown).
Results
Bioche mical Identification of the Strains
Analyzed by Microgen Identification System Software (MID-60), the results showed that B-25 and B-26 was Bacillus cereus . Figure 1 Gro wth curve of B-25 at different salt concentrations
Growth Curves of Bacillus Cereus B-25
Apart from the curves of 5% and 10% salt concentrations, curves of other salt concentrations were under the 0% salt concentration. With the increasing salt concentration, the upward trend was more and more inconspicuous, and the curve at 15% salt concentration began to rise after the first drop, with the 2h a turning point. It was found from Fig. 1 that curves at 0% and 5% salt concentration were similar, quite different from that of 15%, 20%, 25% and 30% salt concentration At 5% and 10% salt concentration, the curves rose firstly, then fell, with a more severe decline follow it. When the salt concentration was 30%, the curve declined all through, with different rates of decline, which indicated that B-25 still could survive at 30% for some time. The downward trend was sometimes fast and sometimes slow with abnormal proliferation. B-25 had capacity of salt tolerance and its limit is about 30%.
Growth Curves of Bacillus Cereus B-26
Figure 2 Gro wth curves of B-26 at different salt concentrations
The curves were similar and stable within 0-8 h. Compared with the 0% salt concentration, other curves kept stable longer, with 5% and 20% salt concentrations the second hour till the 10th h, 10% salt concentration the 10the hour till the 18th hour, and 15% salt concentration the 8th hour till the 16th hour. Then their trends appeared different, and the curve at 5% salt concentration arose significant increase within 14-18 h, while the curves at 10% and 15% salt concentration didn't have marked increase and the curve at 30% salt concentration began to decline sharply at 10 h. Compared with B-25, B-26 grows slowly and its salt tolerance is weaker. It remained stable for a longer time at 20% salt concentration, while it would fall after a very short time. Its salt tolerance limit might be around 20%.
Analysis and Confirmation of Potential Salt Tolerance Genes
The genomes of B. cereus isolated from the industrial soy sauce residue was 5.41 Mb, which were analyzed to get 49 genes related to bacterial salt tolerance preliminarily. Then the related loci of B-25 and B-26 were verified by PCR with the housekeeping genes GroEL and hslU as reference. All of the results of PCR were positive, displaying that both of the two strains carried these genes.
Discussion
According to the growth curves of different salt concentrations, B-25 needed 12 h to gain its growth curve while B-26 needed 24 h, which indicated that B-25 grown faster than B-26 overall. When the salt concentration was 25%, B-25 could still proliferate for a time. However, when the salt concentration was 10%, not increase, began to decline sharply after a period of stability, which indicated that the salt tolerance ability of B-25 was stronger than that of B-26.
The results of Kuhlmann, etc. indicated that Bacillus similar genus could produce tetrahydropyrimidine to adapt to the high osmotic pressure [9] . As a small molecule, tetrahydropyrimidine could increase the intracellular water activity in the environment of high osmotic pressure, maintaining normal levels of cell volume and tur gor pressure to ensure the normal metabolic activity of cells, reflecting the salt tolerance ability [10] . Meanwhile, it was reported that Bacillus alcalophilus had higher content of tetrahydropyrimidine per unit dry cell weight with the increase of the sa lt concentration at an appropriate amount of salt concentrations and the synthesis of ectoine is controlled by gene actB [11] . Therefore, B-25 and B-26 were speculated to have a specific regulatory mechanisms remained to be studied.
As the analysis results of genomic, bioinformatics and PCR, both of the two strains carry genes which could make them withstand high salt concentration. Then, the next steps is to conduct the experiment of gene knockout and foreign gene transformation to further study on salt-tolerant genes. If these salt tolerance genes can be transferred into other organisms, it will greatly improve the usage of the industrial soy sauce residue with further study of salt tolerance genes. And the engineered organisms can be also used to treat waster water from soy sauce production in aerobic treatment stage [12] .
